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6\VWHPVLQ61DQG615LQJV 
)DELR(3HQRWWL'DYLG&RRSHUÁDQG3HWHU%.DUDGDNRY§ 
&RQVLJOLR1D]LRQDOHGHOOH5LFHUFKH,VWLWXWRGL6FLHQ]HH7HFQRORJLH0ROHFRODUL9LD*ROJL
,í0LODQR0,,WDO\ 
Á'HSDUWPHQWRI&KHPLVWU\8QLYHUVLW\RI/LYHUSRRO/LYHUSRRO/='8. 
§'HSDUWPHQWRI&KHPLVWU\8QLYHUVLW\RI<RUN+HVOLQJWRQ<RUN<2''8. 
ABSTRACT: Rival spin-coupled generalized valence bond (SCGVB) solutions are investigated for 
the ʌ-electron systems of the S2N2 and S4N42+ rings near equilibrium geometry. The preferred 
compact SCGVB description is provided in each case by the variational optimization of two 
configurations that turn out to be symmetry related to one another. Optimization instead of symmetry-
pure single-configuration SCGVB wave functions leads to the involvement of three-center SNS or 
NSN orbitals, which seems to be an unnecessary complication. In neither case is very much achieved 
from the mixing of competing solutions. Breathing orbital VB (BOVB) calculations for S2N2 confirm 
a structure with NN singlet diradical character to be more important than one with SS singlet diradical 
character, but the largest contribution (ca. 60%) turns out to be due to the symmetry-determined linear 
combination of four symmetry-equivalent structures that lack any obvious diradical character. Much 
the same pattern was consistently found when we used a simple but robust projection of our various 
SCGVB wave functions for S2N2 onto the basis of BOVB structures (plus an orthogonal 
complement). 
KEYWORDS: S2N2 and S4N42+; SCGVB; ʌ-electron rings; BOVB; GMCSC. 
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1. INTRODUCTION 
$OWKRXJK YDULRXV 61[ V\VWHPV FRQWLQXH WR DWWUDFW FRQVLGHUDEOH H[SHULPHQWDO DQG WKHRUHWLFDO
DWWHQWLRQIRUDZLGHUDQJHRIUHDVRQVZHVKRXOGDGPLWIURPWKHRXWVHWWKDWRXURZQSDUWLFXODULQWHUHVW
LQWKHSODQDU61ULQJLVVRPHZKDWPRUHSURVDLF$VSLQFRXSOHGJHQHUDOL]HGYDOHQFHERQG6&*9%
GHVFULSWLRQRI61UHSRUWHGE\*HUUDWWHWDOZDVLQWHUSUHWHGDWWKHWLPHDVEHLQJGRPLQDWHGE\66
VLQJOHWGLUDGLFDOFKDUDFWHU6RPHRWKHUVWXGLHVDQGHVSHFLDOO\WKHYHU\FDUHIXOEUHDWKLQJRUELWDO
YDOHQFH ERQG %29% ZRUN RI %UDwGD HW DO KDYH VHULRXVO\ TXHVWLRQHG WKH YDOLGLW\ RI WKDW
LQWHUSUHWDWLRQ ,QGHHG %UDwGD HW DO ZHUH DEOH WR VKRZ E\ SDUWO\ TXDOLWDWLYH DUJXPHQWV WKDW WKH
6&*9% ZDYH IXQFWLRQ ZKHQ VWULSSHG WR VRPH H[WHQW RI WKH GHORFDOL]DWLRQ WDLOV RQ WKH IXOO\
RSWLPL]HGDFWLYHRUELWDOVGLGLQIDFWDSSHDUWREHFRQVLVWHQWZLWKWKH%29%YLHZSRLQWLQZKLFKD
VWUXFWXUHZLWK11VLQJOHWGLUDGLFDOFKDUDFWHUZDVWKHODUJHVWVLQJOHFRQWULEXWRU:HUHH[DPLQHWKLV
LVVXHLQWKHSUHVHQWZRUNXVLQJDUREXVWSURMHFWLRQRIWKH6&*9%ZDYHIXQFWLRQRQWRWKHEDVLVRI
WKH%29%VWUXFWXUHV:KLOHFRQILUPLQJWKHPDLQJLVWRIWKHFRQFOXVLRQVRI%UDwGDHWDOQDPHO\WKDW
*HUUDWWHWDOPD\KDYHPLVLQWHUSUHWHGWKHUHVXOWVRIWKHLU6&*9%FDOFXODWLRQVZHDOVRVKRZWKDW
WKHLQWHUSUHWDWLRQRIWKH%29%GHVFULSWLRQFRXOGEHVOLJKWO\PRUHQXDQFHGWKDQKDGEHHQVXSSRVHG
$GGLWLRQDOO\DVZDVVKRZQE\7KRUVWHLQVVRQHWDOWKHUHFDQH[LVWULYDO6&*9%OLNHVROXWLRQVWKDW
DUHIDLUO\FORVHLQHQHUJ\WRWKHRQHGHVFULEHGE\*HUUDWWHWDO:HH[SORUHWKLVLVVXHIXUWKHUDQGWKHQ
UHTXLUH GLIIHUHQW FRPELQDWLRQV RI 6&*9% VROXWLRQV WR ILJKW LW RXW ZLWKRXW DQ\ SUHMXGLFH LQ D
YDULDWLRQDOER[LQJULQJWKHUHE\REWDLQLQJIXUWKHULQVLJKWLQWRWKHERQGLQJLQWKHʌHOHFWURQV\VWHPRI
61:HWKHQH[DPLQHEULHIO\FHUWDLQDQDORJRXVULYDO6&*9%GHVFULSWLRQVRIWKHFRUUHVSRQGLQJʌ
HOHFWURQV\VWHPLQWKH61ULQJ 
2. THEORETICAL AND COMPUTATIONAL DETAILS 
7KHVLQJOHFRQILJXUDWLRQ6&*9%ZDYHIXQFWLRQIRUWKHYDOHQFHʌVSDFHRI61LVEDVHGRQDVLQJOH
SURGXFWRIVL[VLQJO\RFFXSLHGQRQRUWKRJRQDODFWLYHRUELWDOV ߨఓ WKDWDUHH[SDQGHGLQWKHIXOOEDVLV
VHWDQGLWFDQEHZULWWHQLQWKHIROORZLQJIRUP 
ߖ
 ൌ ࣛ ቎൭ෑ ߮௜ߙ߮௜ߚଵ଼௜ୀଵ ൱ ቌෑ ߨఓ଺ఓୀଵ ቍ ȣ଴଺቏  
LQZKLFKWKHĳLDUHGRXEO\RFFXSLHGLQDFWLYHRUELWDOVWKDWDFFRPPRGDWHWKHµFRUH¶6SʌHOHFWURQV
DQGDOORIWKHıV\VWHP7KHDFWLYHVSDFHWRWDOVSLQIXQFWLRQ ȣ ? ? LVH[SDQGHGLQWKHIXOOVSLQVSDFHRI
ILYHOLQHDUO\LQGHSHQGHQWPRGHVRIFRXSOLQJWRJHWKHUWKHVSLQVRIVL[HOHFWURQVVRDVWRDFKLHYHDQ
RYHUDOO VLQJOHW VWDWH ZLWK WKH H[SDQVLRQ FRHIILFLHQWV NQRZQ DV VSLQFRXSOLQJ FRHIILFLHQWV
7UDGLWLRQDOO\ZDYHIXQFWLRQVRIWKLVW\SHDVLQWURGXFHGE\*HUUDWWKDYHPRVWO\EHHQWHUPHGVSLQ
 
 
FRXSOHG 6& RU HYHQ 6&9% ZLWK DQ DFNQRZOHGJHPHQW WKDW WKH FRQVWUXFWLRQ LV LQ IDFW HQWLUHO\
HTXLYDOHQWWRWKDWRIIXOOJHQHUDOL]HGYDOHQFHERQGIXOO*9%DVLQWURGXFHGE\*RGGDUGRUWKH\
KDYHEHHQFDOOHGIXOO*9%ZLWKDPHQWLRQRIWKHHTXLYDOHQFHWR6&RU6&9%,WVHHPVWRWKH
SUHVHQWDXWKRUVWREHXQGHVLUDEOHWRSHUVLVWZLWKGLIIHUHQWQDPHVIRUHVVHQWLDOO\LGHQWLFDOFDOFXODWLRQV
WKDWPLJKWHYHQKDYHEHHQFDUULHGRXWZLWK WKHVDPHFRGHV$FFRUGLQJO\ZHXVHKHUH LQVWHDG WKH
FRPSRXQGWHUPVSLQFRXSOHGJHQHUDOL]HGYDOHQFHERQG6&*9%WKDWDLPVWRHQFRPSDVVERWKVHWV
RIQDPHVDQGZHUHFRPPHQGWKDWRWKHUVFRQVLGHUGRLQJWKHVDPH 
)ROORZLQJIDLUO\FORVHO\WKHFRQVWUXFWLRQXVHGE\%UDwGDHWDORXU%29%FDOFXODWLRQVIRU61
ZHUHFDUULHGRXWXVLQJVL[9%VWUXFWXUHVVHH)LJXUHZLWKHDFKRIWKHV\PPHWU\XQLTXHDFWLYHʌ
RUELWDOVLQHDFKVWUXFWXUHRSWLPL]HGDVDQHQWLUHO\VHSDUDWHOLQHDUFRPELQDWLRQRIWKHEDVLVIXQFWLRQV
FHQWHUHGRQWKHUHOHYDQWQXFOHXV:KHUHWKHUHDUHWZRHOHFWURQVDVVRFLDWHGZLWKWKHVDPHFHQWHUWKH\
DUHDFFRPPRGDWHGZLWKRSSRVLQJVSLQVLQWKHVDPHRUELWDO$VFDQEHVHHQIURP)LJXUH%29%
VWUXFWXUHFOHDUO\FRUUHVSRQGVWR11VLQJOHWGLUDGLFDOFKDUDFWHUDQG%29%VWUXFWXUHWR66VLQJOHW
GLUDGLFDOFKDUDFWHU7KHIRXUV\PPHWU\HTXLYDOHQW%29%VWUXFWXUHVWRHDFKIHDWXUHLQVWHDGRQH
6í1ʌERQG:HVXEVHTXHQWO\DOVRFDUULHGRXW6%29%FDOFXODWLRQVLQZKLFKHDFKRIWKHGRXEO\
RFFXSLHG DFWLYH RUELWDOV ZDV DOORZHG WR µVSOLW¶ LQWR WZR VLQJO\ RFFXSLHG RUELWDOV EXW PDLQWDLQLQJ
VLQJOHWFRXSOLQJIRUWKHWZRRUELWDOV 
©)LJXUHQHDUKHUHª 
$OORIRXUHOHFWURQLFVWUXFWXUHFDOFXODWLRQVIRU61ZHUHFDUULHGRXWIRUWKHQXFOHDUJHRPHWU\
DQGRULHQWDWLRQVKRZQLQ)LJXUHDQGXVLQJWKHVWDQGDUGFFS94=EDVLVVHW:HKDYHLQWHQWLRQDOO\
FKRVHQWKHVDPHLGHDOL]HGVTXDUHJHRPHWU\FORVHWRH[SHULPHQWWKDWZDVXVHGE\*HUUDWWHWDOEXW
ZHDUHFRQILGHQWWKDWDOORIRXUNH\ILQGLQJVZLOOEHUHODWLYHO\LQVHQVLWLYHWRVPDOOFKDQJHVWRWKLV
JHRPHWU\,QVWHDGRIRSWLPL]LQJHDFKWLPHWKHYDULRXVLQDFWLYHRUELWDOVLQRXUYDULRXV9%GHVFULSWLRQV
RI61ZHKDYHFKRVHQWRWDNHWKRVHRUELWDOVZLWKRXWDQ\IXUWKHUUHRSWLPL]DWLRQIURPDQDSSURSULDWH
&$66&) GHVFULSWLRQ WKDW VKRXOG QRW LQWURGXFH DQ\ VLJQLILFDQW ELDV IRU RU DJDLQVW WKH YDULRXV
FRPSHWLQJ9%GHVFULSWLRQVRIWKHYDOHQFHʌV\VWHPV)ROORZLQJYDULRXVQXPHULFDOWHVWVRIGLIIHUHQW
FKRLFHVRI&$66&)LQDFWLYHVSDFHVVHH7DEOH6LQWKH6XSSRUWLQJ,QIRUPDWLRQZHVHOHFWHGDVL[
HOHFWURQV LQ HLJKW RUELWDOV H[SDQVLRQ VSDQQLQJ 3uB1u2uB2g2uB3gAu ZKLFK ZH DEEUHYLDWH WR
>@1RWH WKDWZHZHUHXQDEOH LQRXU%29%DQG 6%29%FDOFXODWLRQV WRRUWKRJRQDOL]H WKH
DFWLYHʌRUELWDOVWRWKHWZRIL[HGµFRUH¶ʌ02VB1uB2gWDNHQIURPWKH&$66&)EHFDXVHRIWKH
VWULFW ORFDOL]DWLRQ FRQVWUDLQWV RQ WKH DFWLYH RUELWDOV ,Q RUGHU WR DYRLG QXPHULFDO SUREOHPV ZH
LGHQWLILHGLQWKH6DWRPLFEDVLVVHWWKHSʌFRQWUDFWLRQZKLFKFRQWULEXWHVPRVWWRWKHLQDFWLYHʌRUELWDOV
DQGWKHQFRQVWUDLQHGWR]HURLWVFRHIILFLHQWVLQWKHH[SDQVLRQVRIWKHDFWLYHRUELWDOV6XFKFRQVWUDLQWV
 
 
ZHUHQRWQHFHVVDU\LQDQ\RIWKH6&*9%FDOFXODWLRQVIRU61:HGLGKRZHYHUFKHFNWKDWFKDQJHV
WR6&*9%HQHUJLHVXSRQWKHDSSOLFDWLRQRIVXFKFRQVWUDLQWVDUHQHJOLJLEOH 
©)LJXUHQHDUKHUHª 
2XU VXEVHTXHQW 6&*9% FDOFXODWLRQV IRU WKH YDOHQFH ʌVSDFH RI WKH SODQDU 61 ULQJ ZHUH
FDUULHGRXWIRUWKHJHRPHWU\DQGRULHQWDWLRQVKRZQLQ)LJXUHDQGDJDLQXVLQJWKHVWDQGDUGFFS94=
EDVLVVHW7KH61QXFOHDUVHSDUDWLRQWKHERQGDQJOHVDQGWKHPROHFXODUSRLQWJURXS'KZHUHEDVHG
RQWKHFU\VWDOORJUDSKLFVWXGLHVRI*LOOHVSLHHWDOEXWDVLQWKHFDVHRI61ZHGRQRWH[SHFWDQ\
RI RXU NH\ ILQGLQJV WR EH VHQVLWLYH WR VPDOO FKDQJHV WR WKLV JHRPHWU\ 2XU VLQJOHFRQILJXUDWLRQ
6&*9%ZDYHIXQFWLRQIRUWKHYDOHQFHʌVSDFHRI61LVEDVHGRQDVLQJOHSURGXFWRIWHQVLQJO\
RFFXSLHGQRQRUWKRJRQDODFWLYHRUELWDOV ߨఓ WKDWDUHH[SDQGHGLQWKHIXOOEDVLVVHWDQGLWFDQEHZULWWHQ
LQWKHIROORZLQJIRUP ߖ
 ൌ ࣛ ቎൭ෑ ߮௜ߙ߮௜ߚସ଴௜ୀଵ ൱ ቌෑ ߨఓଵ଴ఓୀଵ ቍ ȣ଴ଵ଴቏  
LQZKLFKWKHDFWLYHVSDFHWRWDOVSLQIXQFWLRQ ȣ଴ଵ଴ LVH[SDQGHGLQWKHIXOOVSLQVSDFHFRQVLVWLQJRI
OLQHDUO\LQGHSHQGHQWPRGHVRIFRXSOLQJWRJHWKHUWKHVSLQVRIWHQHOHFWURQVVRDVWRDFKLHYHDQRYHUDOO
VLQJOHW VWDWH )RU DOO RI RXU IUR]HQFRUH9% FDOFXODWLRQV RQ 61 ZH WRRN WKH GRXEO\RFFXSLHG
LQDFWLYHRUELWDOV ߮௜ WKDWDFFRPPRGDWHWKHµFRUH¶6SʌHOHFWURQVDQGDOORIWKHıV\VWHPIURPDIXOO
YDOHQFHʌVSDFH&$66&)ZDYHIXQFWLRQZLWKRXWIXUWKHURSWLPL]DWLRQ 
)RUDQRUPDOL]HGZDYHIXQFWLRQ ߖ WKDWLVH[SUHVVHGDVDOLQHDUFRPELQDWLRQRIQRQRUWKRJRQDO
9%VWUXFWXUHVRUFRQILJXUDWLRQV ߔ௞ ZLWKH[SDQVLRQFRHIILFLHQWV ܿ௞ǡ LW LVPRVWXVXDO WRDVVHVVWKH
UHODWLYHLPSRUWDQFHRIWKHYDULRXV ߔ௞ DFFRUGLQJWRWKHLU&KLUJZLQ&RXOVRQZHLJKWV ௞ܹZKLFKPD\
EHGHILQHGDFFRUGLQJWR ௞ܹ ൌ ܿ௞ ෍ ܿ௟C?ߔ௞ȁߔ௟C?௟   
LQZKLFKWKH ௞ܹ VXPWRXQLW\VRDVWRVDWLVI\WKHQRUPDOL]DWLRQFRQGLWLRQIRU ߖ7KLVZLGHO\XVHG
GHILQLWLRQRIZHLJKWVKDVDQXPEHURIXVHIXOSURSHUWLHVH[FHSW WKDWHVSHFLDOO\LQWKHFDVHRIKLJK
YDOXHV RI WKH RYHUODSV ܵ௞௟ ൌ C?ߔ௞ȁߔ௟C? LQGLYLGXDO YDOXHV RI ௞ܹ FDQ RFFDVLRQDOO\ IDOO RXWVLGH WKH
SK\VLFDOO\PHDQLQJIXOUDQJHRIWR,QDGGLWLRQWRWKH&KLUJZLQ&RXOVRQVFKHPHZHDOVRPDNH
VRPHXVHLQWKHSUHVHQWZRUNRIWKHLQYHUVHRYHUODSGHILQLWLRQRI*DOOXSDQG1RUEHFN ݓ௞ ൌ ȁܿ௞ȁଶȀሺࡿିଵሻ௞௞  
ZKHUHWKHYDOXHVRI ݓ௞ DUHXVXDOO\UHQRUPDOL]HGVRDVWRDGGWRXQLW\6XFKYDOXHVWKHQQHFHVVDULO\
OLHLQWKHSK\VLFDOO\PHDQLQJIXOUDQJHWR 
7KH ZRUNKRUVH IRU DOO RI WKH 9% FDOFXODWLRQV UHSRUWHG KHUH ZDV WKH JHQHUDOL]HG
PXOWLFRQILJXUDWLRQVSLQFRXSOHG*0&6&SURJUDPGHYHORSHGE\3HQRWWLZLWK&$66&)LQDFWLYH
 
 
RUELWDOVDQGWKHUHTXLUHGLQWHJUDOVRYHUEDVLVIXQFWLRQVJHQHUDWHGXVLQJWKH*$0(6686SDFNDJH
3LFWRULDOGHSLFWLRQVRI6&*9%DFWLYHRUELWDOVZHUHSURGXFHGXVLQJ9LUWXDO5HDOLW\0DUNXS/DQJXDJH
950/ILOHVJHQHUDWHGZLWK0ROGHQ4XDQWXPWKHRU\RIDWRPVLQPROHFXOHV47$,0DQDO\VLV
ZDVSHUIRUPHGXVLQJ$,0$OODQGZLWKRXURZQFRGHV$GGLWLRQDOʌVSDFH&$66&)FDOFXODWLRQV
ZHUHFDUULHGRXWLQ'KV\PPHWU\XVLQJ02/352 
3. RESULTS AND DISCUSSION 
61,WLVXVHIXOWRFRQVLGHUILUVWDVLQJOHFRQILJXUDWLRQ6&*9%ZDYHIXQFWLRQIRU61
WKDWLVEDVHGRQDFWLYHRUELWDOVZKLFKVSDQWKHVSDFHGHQRWHGDE\7KRUVWHLQVVRQHWDOYLGHLQIUD
DQGZKLFKFRUUHVSRQGVGLUHFWO\WRWKHVROXWLRQGHVFULEHGE\*HUUDWWHWDO:HIRXQGLQWKHSUHVHQW
ZRUNWKDWFHUWDLQV\PPHWU\UHODWLRQVDPRQJVWWKHDFWLYHRUELWDOVDSSHDUHGVSRQWDQHRXVO\GXULQJWKH
RSWLPL]DWLRQRIRXUIUR]HQFRUH6&*9%DZDYHIXQFWLRQIRU61VXFKWKDWRUELWDOV ߨଷ and ߨସ 
can be generated from ߨଵ and ߨଶ, respectively, by reflection in the ߪ௫௭ mirror plane, whereas ߨ଺ 
can be generated from ߨହ by reflection in the ߪ௬௭ mirror plane. 6SRQWDQHLW\RIWKLVW\SHLVXVXDOO\
D JRRG LQGLFDWLRQ RI ZDYH IXQFWLRQ VWDELOLW\ ZLWK UHVSHFW WR EUHDNLQJ VSDWLDO V\PPHWU\ Other 
symmetry properties of the active orbitals, such as the invariance of ߨଵ and ߨଶ to reflection in the ߪ௬௭ mirror plane DQGRI ߨହ to reflection in the ߪ௫௭ mirror plane, also arose VSRQWDQHRXVO\7KH
V\PPHWU\XQLTXH DFWLYH RUELWDOV ߨଵ, ߨଶ and ߨହ DV GHSLFWHG LQ WKH WRS URZ RI )LJXUH  FOHDUO\
LQFOXGHDWKUHHFHQWHU616IXQFWLRQWKDWSRWHQWLDOO\PDNHVLWUHODWLYHO\GLIILFXOWWRLQWHUSUHWWKLVZDYH
IXQFWLRQGLUHFWO\DQGXQDPELJXRXVO\LQWHUPVRIWKHVRUWVRI9%VWUXFWXUHVWKDWDUHVKRZQLQ)LJXUH
1RQHWKHOHVV*HUUDWWHWDOXVHGWKHIRUPVRIVXFK6&*9%RUELWDOVWRJHWKHUZLWKWKHSDWWHUQRI
DFWLYHVSDFH VSLQ FRXSOLQJ WR DVVHUW WKH GRPLQDQFH RI 66 VLQJOHW GLUDGLFDO FKDUDFWHU $V ZDV
PHQWLRQHGLQWKH,QWURGXFWLRQVXFKDQLQWHUSUHWDWLRQLVFOHDUO\DWRGGVZLWKWKH%29%ZRUNRI%UDwGD
HW DO ,QGHHG WKRVH DXWKRUV ZHUH DEOH WR XVH PRVWO\ TXDOLWDWLYH DUJXPHQWV VWULSSLQJ DZD\
µGHORFDOL]DWLRQWDLOV¶LQRUGHUWRVXJJHVWWKDWWKH6&*9%ZDYHIXQFWLRQRI*HUUDWWHWDOFRXOGLQ
IDFW EH PRUH FRQVLVWHQW ZLWK WKH 11 VLQJOHW GLUDGLFDO FKDUDFWHU WKDW ZDV REVHUYHG LQ %29%
FDOFXODWLRQVWKDQZLWKWKHRULJLQDOFODLPRI66VLQJOHWGLUDGLFDOFKDUDFWHU 
©)LJXUHQHDUKHUHª 
:HXVHKHUHDUREXVWQXPHULFDODSSURDFKWRHVWDEOLVKWKHOLQNVEHWZHHQYDULRXV6&*9%ZDYH
IXQFWLRQVDQG%29%GHVFULSWLRQV)RUWKLVSXUSRVHZHWXUQQRZWRRXU%29%UHVXOWVFDUULHGRXW
ZLWKWKHVDPHEDVLVVHWDQGZLWKWKHVDPHFKRLFHRIIUR]HQFRUHDVRXU6&*9%FDOFXODWLRQVVRWKDW
ZHPD\FRPSDUHOLNHZLWKOLNH([DPLQLQJRXUIUR]HQFRUH%29%UHVXOWVLWFDQFOHDUO\EHVHHQIURP
7DEOHWKDWWKHVLQJOH%29%VWUXFWXUHZLWKWKHORZHVWHQHUJ\LVVWUXFWXUH1VHH)LJXUHZKHWKHU
ZH WDNH WKH DFWLYH RUELWDOV GLUHFWO\ IURP WKH %29% ZDYH IXQFWLRQ RU SHUIRUP IXUWKHU VHSDUDWH
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RSWLPL]DWLRQVIRUHDFKVWUXFWXUH2QWKHRWKHUKDQGWKH&KLUJZLQ&RXOVRQZHLJKWRIVWUXFWXUH1LQ
WKH%29%ZDYHIXQFWLRQWXUQVRXW WREHMXVWVHHWRSURZRIYDOXHVLQ7DEOHVRWKDW LW
FRUUHVSRQGV WR D PLQRULW\ RI WKH WRWDO ZDYH IXQFWLRQ$ VRPHZKDW ORZHU HQHUJ\ LV JLYHQ E\ WKH
V\PPHWU\GHWHUPLQHG OLQHDU FRPELQDWLRQ RI WKH IRXU V\PPHWU\HTXLYDOHQW VWUXFWXUHV 3-6 ZLWK D
&KLUJZLQ&RXOVRQZHLJKWRI7KHVHYDULRXVILQGLQJVDUHRQWKHZKROHUDWKHUVLPLODUWRWKRVH
UHSRUWHGE\%UDwGDHWDODQGWKHJHQHUDOFRQFOXVLRQVDOVRWXUQRXWWREHPXFKWKHVDPHIURPRXU
FRUUHVSRQGLQJ IUR]HQFRUH 6%29% FDOFXODWLRQV VHH 7DEOHV 6 DQG 6 LQ WKH 6XSSRUWLQJ
,QIRUPDWLRQ$GGLWLRQDOO\ WKHSDWWHUQVRIZHLJKWVREWDLQHGZLWKWKH*DOOXS1RUEHFNVFKHPHVHH
7DEOHV6DQG6LQWKH6XSSRUWLQJ,QIRUPDWLRQDUHPXFKWKHVDPHDVWKRVHIURPWKH&KLUJZLQ
&RXOVRQGHILQLWLRQ 
:KHUHDVLWLVFHUWDLQO\WUXHWKDWVWUXFWXUH LVLQGHHGWKHPRVWLPSRUWDQWRQHLQRXU%29%RU
6%29%ZDYHIXQFWLRQVWKHPDMRULW\RIHDFKRIWKRVHZDYHIXQFWLRQVLVLQVWHDGDVVRFLDWHGZLWKWKH
V\PPHWU\GHWHUPLQHG OLQHDU FRPELQDWLRQ ߔଷǦ଺ RI WKH IRXU V\PPHWU\HTXLYDOHQW VWUXFWXUHV 3-6
&OHDUO\ WKRXJK WKH LQWHUSUHWDWLRQSXW IRUZDUGE\*HUUDWW HWDOEDVHGRQFODLPVRIGRPLQDQW66
VLQJOHWGLUDGLFDOFKDUDFWHULQWKHLU6&*9%ZDYHIXQFWLRQUHPDLQVGLVWLQFWO\DQRPDORXV:LWKWKLVLQ
PLQGLWSURYHVWREHYHU\LQIRUPDWLYHWRXVHDIDLUO\VLPSOHEXWUREXVWQXPHULFDODSSURDFKWKDWZH
QRZRXWOLQH WRSURMHFW WKHFRPSDFW6&*9%D VROXWLRQ EDVHGRQ MXVWD VLQJOHSURGXFWRIDFWLYH
RUELWDOVRQWRWKHFRUUHVSRQGLQJ%29%UHSUHVHQWDWLRQ 
,QJHQHUDOWHUPVZHZLVKWRFRQVLGHUWKHH[SDQVLRQRIDQRUPDOL]HGZDYHIXQFWLRQ ߖ LQWKH
IROORZLQJIRUP ߖ ൌ ݀ଵߔଵ ൅ ݀ଶߔଶ ൅ ݀ଷǦ଺ߔଷǦ଺ ൅ ݀௑ߔ௑  
LQZKLFK ߔ௑ LVHQYLVDJHGDVD ߖGHSHQGHQWQRUPDOL]HGHQWLW\ZKLFKLVRUWKRJRQDOWRHDFKRIWKH
QRUPDOL]HG%29%VWUXFWXUHV ߔଵ ߔଶ DQG ߔଷǦ଺,WIROORZVWKDW 
ቌ C?ߔଵȁߖC?C?ߔଶȁߖC?C?ߔଷǦ଺ȁߖC?ቍ ൌ ቌ  ? C?ߔଵȁߔଶC? C?ߔଵȁߔଷǦ଺C?C?ߔଵȁߔଶC?  ? C?ߔଶȁߔଷǦ଺C?C?ߔଵȁߔଷǦ଺C? C?ߔଶȁߔଷǦ଺C?  ? ቍ ൭ ݀ଵ݀ଶ݀ଷǦ଺൱  
DQGVRJLYHQWKDWZHFDQFDOFXODWHDOORIWKHRYHUODSLQWHJUDOVWKDWDSSHDULQHTVHH7DEOHV6DQG
6LQWKH6XSSRUWLQJ,QIRUPDWLRQLWLVYHU\VWUDLJKWIRUZDUGWRVROYHIRU ݀ଵ ݀ଶ DQG ݀ଷǦ଺DQGWKHQ
WRFRPSXWHWKH&KLUJZLQ&RXOVRQZHLJKWV ௞ܹ7KHFRUUHVSRQGLQJZHLJKWLQ ߖ RIWKHQRUPDOL]HG
RUWKRJRQDOFRPSOHPHQW ߔ௑LH ௑ܹ ൌ ݀௑ଶLVPRVWVLPSO\REWDLQHGIURPWKHUHTXLUHPHQWWKDWWKH
&KLUJZLQ&RXOVRQZHLJKWVPXVWVXPWRXQLW\7KLVGRHVRIFRXUVHFRUUHVSRQGH[DFWO\WRGHWHUPLQLQJ݀௑ XVLQJ WKH QRUPDOL]DWLRQ FRQGLWLRQ IRU ߖ 2XU RYHUDOO VFKHPH LV HQWLUHO\ HTXLYDOHQW WR WKH
DSSOLFDWLRQRIDSURMHFWLRQRSHUDWRU ࣪GHILQHGDFFRUGLQJWR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࣪ ൌ ෍ȁߔ௞C?ሺ ?ି ଵሻ௞௟C?ߔ௟ȁ         ሺ݇ǡ ݈ ൌ  ?ǡ  ?ǡ  ?Ǧ ?ሻ௞ǡ௟   
LQZKLFK  ? LV WKHu3 overlap matrix shown in eq 7KH ߖGHSHQGHQW RUWKRJRQDO FRPSOHPHQW
ZKLFKZHKDYHFKRVHQKHUHWRGHQRWHDV ݀௑ߔ௑LVWKHQVLPSO\ ሺ ? െ ሻ࣪ߖ 
8VLQJWKHVFKHPHWKDWZHKDYHMXVWGHVFULEHGWKHSURMHFWLRQRIWKH6&*9%DVROXWLRQRQWRWKH
EDVLVRI%29%VWUXFWXUHVOHDGVWRWKH&KLUJZLQ&RXOVRQZHLJKWVWKDWDUHUHSRUWHGLQWKHVHFRQGURZ
RIYDOXHV LQ7DEOH 7KH LQWHUSUHWDWLRQSXW IRUZDUGE\ *HUUDWW HW DO GRHV LQGHHG WXUQRXW WREH
HUURQHRXVJLYHQWKDWWKHVLQJOHPRVWLPSRUWDQW%29%VWUXFWXUHLQ6&*9%DLVFOHDUO\DOEHLWZLWK
D ZHLJKW WKDW LV VOLJKWO\ ORZHU WKDQ LQ RXU WRWDO %29% ZDYH IXQFWLRQ ZLWK %29% VWUXFWXUH 
FRUUHVSRQGLQJWR66VLQJOHWGLUDGLFDOFKDUDFWHUEHLQJIDUOHVVLPSRUWDQW-XVWDVZHREVHUYHGIRUWKH
WRWDO%29%ZDYHIXQFWLRQLWLVWKHV\PPHWU\GHWHUPLQHGOLQHDUFRPELQDWLRQRIWKHIRXUV\PPHWU\
HTXLYDOHQW%29%VWUXFWXUHV3-6ZLWKD&KLUJZLQ&RXOVRQZHLJKWRIZKLFKDFFRXQWVIRUPRUH
WKDQDKDOIRIWKH6&*9%DZDYHIXQFWLRQ:HILQGWKDW WKHQRUPDOL]HGRUWKRJRQDOFRPSOHPHQW
ߔ௑LHWKHSDUWRIWKH6&*9%DVROXWLRQWKDWLVQRWGHVFULEHGE\WKLVVHWRI%29%VWUXFWXUHVKDV
DZHLJKWRIMXVW$OORIRXUNH\REVHUYDWLRQVDUHPXFKWKHVDPHZKHQXVLQJ*DOOXS1RUEHFN
ZHLJKWV DQGRU LI ZH SURMHFW LQVWHDG RQWR 6%29% VWUXFWXUHV ± VHH7DEOHV 6 6 DQG 6 LQ WKH
6XSSRUWLQJ,QIRUPDWLRQ 
:HQRZUHWXUQWRWKHREVHUYDWLRQRI7KRUVWHLQVVRQHWDOWKDWWKHUHFDQH[LVWULYDO6&*9%OLNH
VROXWLRQVWKDWDUHIDLUO\FORVHLQHQHUJ\WR6&*9%D:KHUHDVWKH6&*9%DDFWLYHRUELWDOVVSDQ
3uB1u1uB2g2uB3g0uAuZKLFKZHPD\DEEUHYLDWHWRD >@7KRUVWHLQVVRQHWDOVXJJHVWHG
WKDW WKHUH DUH YDULRXV HQHUJHWLFDOO\ QHDUE\ VROXWLRQV ZKLFK VSDQ YDULRXV DOWHUQDWLYH GLVWULEXWLRQV
LQFOXGLQJ E >@ DQG F >@:H ILQG WKDW WKH FRUUHVSRQGLQJ &$66&) HQHUJLHV IRU
DFWLYHVSDFHVDDQGFVHH7DEOH6LQWKH6XSSRUWLQJ,QIRUPDWLRQDUHSDUWLFXODUO\FORVHWRRQHDQRWKHU
GLIIHULQJE\ OHVV WKDQPLOOLKDUWUHHZLWK WKH&$66&) HQHUJ\ IRU DFWLYH VSDFH E EHLQJ
LQIHULRUE\PLOOLKDUWUHH,QRUGHUWRRSWLPL]HWKHFRUUHVSRQGLQJ6&*9%EZDYHIXQFWLRQZLWKRXW
LWUHWXUQLQJWRWKH6&*9%DVROXWLRQZHLPSRVHGWKHIROORZLQJFRQVWUDLQWVRQWKHDFWLYHRUELWDOVߨଷ ൌ ߪො௬௭ߨଵǡ ߨସ ൌ ߪො௬௭ߨଶ DQG ߨ଺ ൌ ߪො௫௭ߨହǤ Other symmetry properties of the active orbitals, such 
as the invariance of ߨଵ and ߨଶ to reflection in the ߪ௫௭ mirror planeDQGRI ߨହ to reflection in the ߪ௬௭  mirror plane, arose VSRQWDQHRXVO\ GXULQJ WKH RSWLPL]DWLRQ 7R D ODUJH H[WHQW WKH UHVXOWLQJ
V\PPHWU\XQLTXHDFWLYHRUELWDOV ߨଵ, ߨଶ and ߨହ IRUWKH6&*9%EVROXWLRQVKRZQLQWKHPLGGOH
URZRI)LJXUHDUHVRPHZKDWUHPLQLVFHQWRIWKRVHIRU6&*9%DH[FHSWWKDWWKHV\PPHWU\XQLTXH
WKUHHFHQWHUDFWLYHRUELWDOLVQRZRYHU161UDWKHUWKDQ616DQGLWH[KLELWVDODUJHUFRQWULEXWLRQIURP
WKHFHQWUDODWRPRIWKHWULDG-XVWDVZHPLJKWKDYHDQWLFLSDWHGIURPWKHFRUUHVSRQGLQJ&$66&)
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HQHUJLHVWKH6&*9%EVROXWLRQLVLQGHHGHQHUJHWLFDOO\LQIHULRUWR6&*9%DZLWKWKHGLIIHUHQFH
EHLQJPLOOLKDUWUHHVHH7DEOH 
,WSURYHVWREHHVSHFLDOO\LQIRUPDWLYHWRFRQVLGHUWKHSURMHFWLRQRIWKLV6&*9%EVROXWLRQRQWR
WKH%29%EDVLVEHFDXVHWKHUHVXOWLQJ&KLUJZLQ&RXOVRQZHLJKWVDVUHSRUWHGLQ7DEOHWXUQRXWWR
EHIDLUO\VLPLODUWRWKRVHWKDWZHKDYHGHVFULEHGDERYHIRU6&*9%D,QVSLWHRIWKHGLIIHUHQFHVLQ
WKHIRUPVDQGSDUWLFXODUO\WKHORFDWLRQVRIWKHWKUHHFHQWHUDFWLYHRUELWDOVWKHVHWZRZDYHIXQFWLRQV
GRLQIDFWWXUQRXWWREHUDWKHUVLPLODULQWHUPVRIWKHLU%29%FKDUDFWHU)XUWKHUPRUHWKHRYHUODS
EHWZHHQWKHWRWDO6&*9%DDQG6&*9%EZDYHIXQFWLRQVLVVHH7DEOH6LQWKH6XSSRUWLQJ
,QIRUPDWLRQHYHQWKRXJKWKHRYHUODSEHWZHHQWKHWZRQRUPDOL]HGRUWKRJRQDOFRPSOHPHQWVߔ௑LV
D OLWWOHORZHUVHH7DEOH6 LQ WKH6XSSRUWLQJ ,QIRUPDWLRQ$OORI WKLVDSSDUHQWQXPHULFDO
VLPLODULW\ EHWZHHQ WKH 6&*9%D DQG 6&*9%E VROXWLRQV H[FHSW IRU WKHLU GLIIHUHQW HQHUJLHV
UHLQIRUFHVRXUVXVSLFLRQWKDWRQHFDQHDVLO\EHPLVOHGDERXW WKHGHJUHHRIVD\66RU11VLQJOHW
GLUDGLFDOFKDUDFWHUZKHQUHO\LQJPRVWO\RQWKHYLVXDOLQVSHFWLRQRI6&*9%DFWLYHRUELWDOVWKDWDUH
QRWVXIILFLHQWO\ZHOOORFDOL]HG,WGRHVQRZDSSHDUWKDW*HUUDWWHWDOZHUHPLVGLUHFWHGLQWKLVZD\
ZKHQ PLVLQWHUSUHWLQJ WKHLU 6&*9%D ZDYH IXQFWLRQ LQ WHUPV RI GRPLQDQW 66 VLQJOHW GLUDGLFDO
FKDUDFWHU $VEHIRUHDOORIRXUNH\REVHUYDWLRQVDUHPXFKWKHVDPHZKHQXVLQJ*DOOXS1RUEHFN
ZHLJKWVDQGRULIZHSURMHFWLQVWHDGRQWR6%29%VWUXFWXUHV 
:KHQUHVWULFWLQJ6&*9%DFWLYHRUELWDOVWRVSDQSDUWLFXODUDFWLYHVSDFHV7KRUVWHLQVVRQHWDO
IRXQGLQVRPHFDVHVVXFKDVF >@WKDWWKHUHVXOWLQJ6&*9%VROXWLRQZDVV\PPHWU\EURNHQ
7KHSURSHUIXOOV\PPHWU\FRXOGEHUHVWRUHGE\XVLQJDWZRFRQILJXUDWLRQGHVFULSWLRQLQZKLFKWKH
WZRVHWVRIDFWLYHRUELWDOVZHUHUHODWHGE\DSDUWLFXODU'KV\PPHWU\RSHUDWLRQVXFKDVDUHIOHFWLRQ
RUDURWDWLRQ:LWKWKLVLQPLQGZHFKRVHKHUHWRFDUU\RXWWZRFRQILJXUDWLRQ6&*9%FDOFXODWLRQV
XVLQJ WKH *0&6& SURJUDP (YHQ ZLWKRXW VSHFLI\LQJ DQ\ V\PPHWU\ FRQVWUDLQWV EHWZHHQ WKH WZR
RUELWDOVWULQJVZHREVHUYHGFRQYHUJHQFHWRDV\PPHWU\SXUHVROXWLRQLQZKLFKWKHWZRVHWVRIDFWLYH
RUELWDOV DUH UHODWHG WR RQH DQRWKHU E\ UHIOHFWLRQ LQ WKH ߪ௬௭  mirror plane$GGLWLRQDO V\PPHWU\
UHODWLRQV HPHUJHG VSRQWDQHRXVO\ ZLWKLQ WKH WZR RUELWDO VWULQJV VR WKDW ߨଷǡ ߨସ  and ߨ଺ FDQ EH
JHQHUDWHGIURP ߨଵǡ ߨଶ and ߨହǡ respectively, by a ܥመଶሺݖሻ rotation. 6SHFLILFGHWDLOVRIWKHVHRUELWDOV
DUHVOLJKWO\GLIIHUHQWIURPVRPHRIWKRVHHQYLVDJHGE\7KRUVWHLQVVRQHWDO IRU WKHLUµSURMHFWHG¶F
VROXWLRQSURPSWLQJXVWRXVHDVOLJKWO\GLIIHUHQWODEHO7KHUHVXOWLQJHQHUJ\IRURXUYDULDWLRQDOO\
RSWLPL]HGVROXWLRQZKLFKZHODEHO6&*9%C1  C2RU6&*9%CIRUVKRUWLVVRPHZKDWEHWWHU
WKDQWKDWRI6&*9%DVHH7DEOHEXWWKHWZRVHWVRI&KLUJZLQ&RXOVRQZHLJKWVVHH7DEOHDUH
IDLUO\VLPLODU)XUWKHUPRUHWKHRYHUODSEHWZHHQWKHWRWDO6&*9%DDQG6&*9%&ZDYHIXQFWLRQV
LVVHH7DEOH6LQWKH6XSSRUWLQJ,QIRUPDWLRQZLWKWKHRYHUODSEHWZHHQWKHWZRQRUPDOL]HG
 
 
RUWKRJRQDO FRPSOHPHQWV  ߔ௑ EHLQJ D OLWWOH ORZHU  VHH 7DEOH 6 LQ WKH 6XSSRUWLQJ
,QIRUPDWLRQ7KH V\PPHWU\XQLTXH DFWLYH RUELWDOV ߨଵǡ ߨଶ and ߨହ IRU WKH 6&*9%& VROXWLRQ
VKRZQLQWKHERWWRPURZRI)LJXUHFOHDUO\DOOH[KLELWDVLJQLILFDQWGHJUHHRIDWOHDVWWZRFHQWHU
FKDUDFWHUUHQGHULQJLWVRPHZKDWGLIILFXOWWRLQWHUSUHWWKHPGLUHFWO\DQGXQDPELJXRXVO\LQWHUPVRI
UHODWLYH FRQWULEXWLRQV IURP WKH VRUWV RI9% VWUXFWXUHV VKRZQ LQ )LJXUH  5HO\LQJ LQVWHDG RQ WKH
SURMHFWLRQRQWR%29%VWUXFWXUHVZHFDQVD\WKDWWKHODUJHVWQHWFRQWULEXWRULVWKHV\PPHWU\
GHWHUPLQHGOLQHDUFRPELQDWLRQߔଷǦ଺RIWKHIRXUV\PPHWU\HTXLYDOHQW%29%VWUXFWXUHV3-6 
-XVWDVWKHUHDUH&$66&)VROXWLRQVEDVHGRQDFWLYHVSDFHVH >@DQGI >@ZKLFK
OLHORZHUWKDQWKDWIRUE >@E\FDDQGPLOOLKDUWUHHUHVSHFWLYHO\VHH7DEOH6LQWKH
6XSSRUWLQJ ,QIRUPDWLRQ LW DOVR SURYHG SRVVLEOH WR ORFDWH DQRWKHU VLQJOHFRQILJXUDWLRQ 6&*9%
VROXWLRQZKLFKOLHVORZHUWKDQ6&*9%EE\FDPLOOLKDUWUHH+RZHYHUJLYHQWKHGRPLQDQFHRI
6&*9%DDQG6&*9%&ZHGHFLGHGQRWWRSXUVXHWKLVVROXWLRQRUDQ\RIWKHKLJKHUO\LQJRQHV
LQDQ\GHWDLO 
7KHFORVHSUR[LPLW\LQHQHUJ\RIGLIIHUHQW6&*9%VROXWLRQVHVSHFLDOO\DDQG&SURPSWHGXVWR
ZRQGHUZKLFKRIWKHPZRXOGGRPLQDWHYDULDWLRQDOO\RSWLPL]HGFRPELQDWLRQVRIWKHP$FFRUGLQJO\
ZH DOVR FRQVLGHUHG D VBCI(a  b  C) description, in which we FRPELQHG WKH 6&*9%D
6&*9%EDQG6&*9%&ZDYHIXQFWLRQVYLDDQRQRUWKRJRQDO&,FDOFXODWLRQZLWKRXWUHOD[LQJDQ\
RI WKH DFWLYHVSDFHVSLQFRXSOLQJFRHIILFLHQWV$VFDQEHVHHQ IURP7DEOH  WKLVPXOWLFRPSRQHQW
ZDYHIXQFWLRQJLYHVRQO\DYHU\PRGHVWHQHUJ\LPSURYHPHQWRYHU6&*9%&ZLWKWKH&FRPSRQHQW
UHPDLQLQJ RYHUZKHOPLQJO\ GRPLQDQW  3URMHFWLRQ RI VBCI(a  b  C) RQWR WKH EDVLV RI
%29%VWUXFWXUHVJLYHVZHLJKWVWKDWDUHYHU\VLPLODUWRWKRVHIRU6&*9%&$QDORJRXVRXWFRPHV
DUHREVHUYHGIRUWKHRYHUODSEHWZHHQWKHVBCI(a  b  C) and 6&*9%&ZDYHIXQFWLRQVDVZHOO
DV IRU WKH RYHUODS EHWZHHQ WKH WZR RUWKRJRQDO FRPSRQHQWV ߔ௑ VHH 7DEOHV 6 DQG 6 LQ WKH
6XSSRUWLQJ,QIRUPDWLRQ5HOD[LQJWKHYDULRXVVSLQFRXSOLQJFRHIILFLHQWVZLWKRXWUHRSWLPL]LQJWKH
DFWLYHRUELWDOVSURGXFHGRQO\DYHU\VPDOOHQHUJ\ORZHULQJ$OOLQDOORWKHUWKDQPDNLQJWKHUHVXOWLQJ
GHVFULSWLRQ PRUH GLIILFXOW WR LQWHUSUHW GLUHFWO\ UDWKHU OLWWOH LV DFKLHYHG E\ WKLV PL[LQJ RI WKH
6&*9%D6&*9%EDQG6&*9%&ZDYHIXQFWLRQV 
7KHRXWFRPHLVVRPHZKDWEHWWHUDWOHDVWLQWHUPVRIWKHWRWDOHQHUJ\LIDOORIWKHDFWLYHRUELWDOV
DQG DFWLYHVSDFH VSLQFRXSOLQJ FRHIILFLHQWV DUH VLPXOWDQHRXVO\ UHRSWLPL]HG DOEHLW ZLWK D OLPLWHG
QXPEHURIVXLWDEOHFRQVWUDLQWVVRDVWRUHWDLQVRPHGLVWLQFWLRQEHWZHHQWKHDEDQG&FRPSRQHQWV
:HXVHWKHODEHOGMCSC(a  b  C) for the resulting description. We observe from 7DEOH that the 
reoptimized C component remains the largest contributorEXWQHDUO\RIWKHWRWDOLVQRZGXHWR
WKHUHRSWLPL]HGDDQGEFRPSRQHQWV7KHVHFKDQJHVWRWKHZHLJKWVRIWKHGLIIHUHQWFRPSRQHQWVRI
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GMCSC(a  b  C) relative to those of VBCI(a  b  C), as well as the lowering of the total 
energy, are accompanied by relatively small changes to the forms of the various symmetry-unique 
6&*9%DFWLYHRUELWDOVVHH)LJXUH6LQWKH6XSSRUWLQJ,QIRUPDWLRQ 
3URMHFWLRQRIGMCSC(a  b  C) onto the basis of BOVB structures produces weights that are 
not so different from those for our various other 6&*9%GHVFULSWLRQVVHH7DEOH$VEHIRUH%29%
VWUXFWXUH  FRUUHVSRQGLQJ WR 11 VLQJOHW GLUDGLFDO FKDUDFWHU LV IRXQG WR EH PRUH LPSRUWDQW WKDQ
%29%VWUXFWXUH66VLQJOHWGLUDGLFDOFKDUDFWHUEXWWKHODUJHVWFRQWULEXWLRQFRPHVIURP
WKHV\PPHWU\GHWHUPLQHGOLQHDUFRPELQDWLRQRIWKHIRXUV\PPHWU\HTXLYDOHQW%29%VWUXFWXUHV3-6
ZLWKQRREYLRXVGLUDGLFDOFKDUDFWHU$IXUWKHULVGXHWRWKHQRUPDOL]HGRUWKRJRQDOFRPSOHPHQW
ߔ௑:HILQGDJDLQWKDWDOORIRXUNH\REVHUYDWLRQVDUHPXFKWKHVDPHZKHQXVLQJ*DOOXS1RUEHFN
ZHLJKWV LQVWHDG RI WKRVH IURP WKH &KLUJZLQ&RXOVRQ VFKHPH DQGRU LI ZH SURMHFW LQVWHDG RQWR
6%29%VWUXFWXUHV 
7KHUHDUHVXEVWDQWLDOGLIIHUHQFHVEHWZHHQH[LVWLQJHVWLPDWHVRIWKHGHJUHHRIGLUDGLFDOFKDUDFWHU
LQWKHVLQJOHWJURXQGVWDWHRIS2N2EXWLWLVLPSRUWDQWWRQRWHLQWKLVFRQWH[WDVZDVHPSKDVL]HGE\
%UDwGDHWDOWKDWVLJQLILFDQWVLQJOHWGLUDGLFDOFKDUDFWHUFDQFRH[LVWZLWKDURPDWLFLW\LQWKLVPROHFXOH
$WRQHH[WUHPH-XQJHWDODUJXHGWKDWS2N2VKRXOGEHUHJDUGHGDVDʌHOHFWURQDURPDWLFV\VWHP
ZLWKRXWDQ\VLJQLILFDQWGLUDGLFDOFKDUDFWHU7XRQRQHQHWDOXVHGDVLPSOHVFKHPH this is based on 
the ratio of two CI coefficients in their CASSCF(22,16) description to estimate just 6% diradical 
character for this molecule. 2QWKHRWKHUKDQGIRUWKHVDPH&$66&)ZDYHIXQFWLRQWKH\DOVR
FRQVLGHUHGDGLIIHUHQWIRUPRIDQDO\VLVEDVHGRQLGHDOL]HGSʌRUELWDOVZKLFKDVVLJQHGDZHLJKWRI
IRUDQGRIIRU7KH%29%FDOFXODWLRQVRI%UDwGDHWDODVZHOODVRXURZQ%29%DQG
6%29%FDOFXODWLRQVDOVRVXJJHVWVLJQLILFDQWZHLJKWVIRUWKHVHWZRGLUDGLFDOVWUXFWXUHVZLWKEHLQJ
VRPHZKDWPRUHLPSRUWDQWWKDQMXVWDVZDVIRXQGE\+DUFRXUWZKHQXVLQJDVRPHZKDWGLIIHUHQW
9%DSSURDFK 
:KHUHDV*HUUDWWHWDOPLVLQWHUSUHWHGWKHLUS2N2ZDYHIXQFWLRQLQWHUPVRIGRPLQDQW66VLQJOHW
GLUDGLFDO FKDUDFWHU RXU SURMHFWLRQ RI WKH 6&*9%D GHVFULSWLRQ RQWR %29% VWUXFWXUHV UHYHDOV D
KLJKHUZHLJKWIRUWKDQIRU,QGHHGDOORIRXUSURMHFWLRQVRI6&*9%OLNHZDYHIXQFWLRQVIRUS2N2
RQWRWKHEDVLVRI%29%RU6%29%VWUXFWXUHVDQGDQRUWKRJRQDOFRPSOHPHQWVKRZWREHPRUH
LPSRUWDQWWKDQEXWWKH\DOVRLQGLFDWHWKDWQHDUO\RIWKHZDYHIXQFWLRQLVLQVWHDGDVVRFLDWHG
ZLWKWKHV\PPHWU\GHWHUPLQHGOLQHDUFRPELQDWLRQRIWKHIRXUV\PPHWU\HTXLYDOHQW%29%VWUXFWXUHV
3-67KLVUHODWLYHO\KLJKFRPELQHGZHLJKWIRUVWUXFWXUHV3-6 LVRIFRXUVHFRQVLVWHQWZLWKWKHZHOO
HVWDEOLVKHGSDWWHUQIRUWKHDWRPLFFKDUJHVLQZKLFKQLWURJHQLVQHJDWLYHDQGVXOIXULVSRVLWLYH:e 
find that the QHW47$,0FKDUJHVIRUWKH6&*9%DWRWDOHOHFWURQGHQVLW\ are numerically much the 
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same as those MXVWIRUWKHYDOHQFHʌVSDFH7KLVVXJJHVWV WKDW LQIHUHQFHVDERXW WKHERQGLQJLQWKH
YDOHQFHʌV\VWHPIURPFRQVLGHUDWLRQVRIWKHRYHUDOOFKDUJHGLVWULEXWLRQVXFKDVWKRVHGLVFXVVHGE\
-XQJHWDODUHQRWVNHZHGE\DQ\VLJQLILFDQWFKDUJHVHSDUDWLRQLQWKHıERQGHGIUDPHZRUN2XU
47$,0 FKDUJHV IRU 6&*9%D GR RI FRXUVH KDYH WKH FRUUHFW 16 SRODULW\:H DOVR ILQG WKDW WKH
47$,0 FKDUJHV IRU WKH *MCSC(a  b  C) WRWDO HOHFWURQ GHQVLW\ DUH YHU\ VLPLODU WR WKRVH IRU
6&*9%D 
61:HILQGWKDWIUHHRSWLPL]DWLRQRIDVLQJOHFRQILJXUDWLRQ6&*9%ZDYHIXQFWLRQIRU
61UHVXOWVLQDVROXWLRQWKDWFRUUHVSRQGVWRRQHRIWKH'KVXEJURXSVRIWKHIXOOPROHFXODUSRLQW
JURXS'K$PRQJVWPDQ\RWKHUGHYLDWLRQVIURPIXOO'KV\PPHWU\VXFKWKDWWKHGHVLUHG$JZDYH
IXQFWLRQKDVDVPDOOEXWQRWQHJOLJLEOH%JFRQWDPLQDQWZHREVHUYHGWKDWDFWLYHRUELWDOV ߨଵ and ߨଶ 
ZHUHHDFKUHODWLYHO\FORVHWREHLQJLQYDULDQWXQGHUUHIOHFWLRQLQWKH ߪ௬௭ PLUURUSODQHEXWWKH\ZHUH
QRW H[DFWO\ VR7KHYDULRXV ILQGLQJVGHVFULEHGDERYH IRU61 DUH VXJJHVWLYH WKDW D VXLWDEOH ZD\
IRUZDUGZRXOGEHWRRSWLPL]HDWZRFRQILJXUDWLRQ6&*9%GHVFULSWLRQLQZKLFKWKHWZRVHWVRIDFWLYH
RUELWDOVDUHUHODWHGWRRQHDQRWKHUE\DQDSSURSULDWHUHIOHFWLRQRUURWDWLRQ:HODEHOWKHUHVXOWLQJZDYH
IXQFWLRQ DV 6&*9%A1  A2 RU 6&*9%$ IRU VKRUW 1RQHWKHOHVV ZH DOVR FRQVLGHU D VLQJOH
FRQILJXUDWLRQ6&*9%GHVFULSWLRQLQZKLFKWKHDFWLYHRUELWDOVDUHVXLWDEO\FRQVWUDLQHGVRDVWRHQVXUH
WKDWWKHUHVXOWLQJZDYHIXQFWLRQZKLFKZHGHQRWH6&*9%%VWLOOUHVSHFWVWKHIXOO'KV\PPHWU\ 
:HIRXQGDWFRQYHUJHQFHRIRXUV\PPHWU\SXUH6&*9%$VROXWLRQWKDWWKHWZRVHWVRIDFWLYH
RUELWDOVLHWKRVHIRUA1DQGA2DUHUHODWHGWRRQHDQRWKHUE\UHIOHFWLRQLQWKH ߪ௫௭ mirror plane
$GGLWLRQDOO\ZHREVHUYHGV\PPHWU\UHODWLRQVZLWKLQHDFKRUELWDOVWULQJVXFKWKDWUHIOHFWLRQRI ߨଵ 
and ߨଶ  in the plane ݔ ൌ ݕ yields ߨଷ  and ߨସǡ respectively, and ܥመଶሺݖሻ rotation of ߨଵ  and ߨଶ 
gives ߨହ  and ߨ଺ǡ  respectively. Similarly, reflection of ߨଵǡ  ߨଶ  and ߨଽ  in the plane ݔ ൌ െݕ
\LHOGV ߨ଻ǡ  ߨ଼  and ߨଵ଴ , respectively. For the optimization of the 6&*9%% VROXWLRQ, we 
constrained active orbitals ߨଵ and ߨଶ WREHH[DFWO\ ߪො௬௭ LQYDULDQWDQGLWDOVRSURYHGQHFHVVDU\WR
DGG DV FRQVWUDLQWV V\PPHWU\ UHODWLRQV IRU ߨଷ-ߨ଼  ZKLFK HPHUJHG VSRQWDQHRXVO\ IRU 6&*9%$
$GGLWLRQDOO\DIWHUVRPHH[SHULPHQWDWLRQLQZKLFKZHVRXJKWWKHORZHVWSRVVLEOHHQHUJ\ZHIRXQG
WKDWZHKDGWRFRQVWUDLQ ߨଽ IRU6&*9%%to be invariant under reflection in the plane ݔ ൌ ݕ as 
well as under ܥመଶሺݖሻ rotation, with ߨଵ଴ generated from ߨଽ by a ܥመସሺݖሻ rotation. 
©)LJXUHQHDUKHUHª 
7KH UHVXOWLQJ V\PPHWU\XQLTXH DFWLYH RUELWDOV ߨଵǡ  ߨଶ  and ߨଽ  IURP WKH 6&*9%$ DQG
6&*9%%FDOFXODWLRQVDUHGLVSOD\HGLQWKHWRSDQGERWWRPURZVUHVSHFWLYHO\RI)LJXUH([FHSW
IRUEHLQJPRUHORFDOL]HGWKH6&*9%$DFWLYHRUELWDOVDUHIDLUO\UHPLQLVFHQWRIWKRVHIRUWKH61
6&*9%&VROXWLRQERWWRPURZRI)LJXUH2QWKHRWKHUKDQGWKHV\PPHWU\XQLTXH6&*9%%
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DFWLYHRUELWDOV LQFOXGH D WKUHHFHQWHU616 IXQFWLRQ MXVW DVZDV WKHFDVH IRU WKH616&*9%D
VROXWLRQWRSURZRI)LJXUH$VFDQEHVHHQIURP7DEOHVROXWLRQ6&*9%$OLHVVRPHZKDWORZHU
WKDQ6&*9%%DVZHVKRXOGKDYHH[SHFWHG&RPSXWLQJWKHHQHUJ\RIWKH$RU$FRPSRQHQW
XVLQJWKHVDPHDFWLYHRUELWDOVDQGVSLQFRXSOLQJFRHIILFLHQWVDVLQWKH6&*9%$VROXWLRQZHILQG
WKDWWKHHQHUJ\ORZHULQJDVVRFLDWHGZLWKPL[LQJWRJHWKHUWKHVH$DQG$FRPSRQHQWVLV N-PRO
 NFDOPRO 7KH FRUUHVSRQGLQJ HQHUJ\ FKDQJH IURP & WR 6&*9%& LQ WKH FDVH RI 61 LV
 N-PRO  NFDOPRO ,Q ERWK FDVHV WKH RSWLPL]DWLRQ RI WKH DFWLYH RUELWDOV DOORZV WKH WZR
FRQILJXUDWLRQVWREHFRPHPRUHGLIIHUHQWIURPRQHDQRWKHUDWWKHH[SHQVHRIWKHHQHUJ\RIHDFKRI
WKHP VHSDUDWHO\ ZLWK WKH FRQVHTXHQFH WKDW WKH PL[LQJ RI WKH WZR FRPSRQHQWV FRUUHVSRQGV WR D
VLJQLILFDQW HQHUJ\ ORZHULQJ $GGLWLRQDO GDWD DUH DYDLODEOH LQ Table S10 in the Supporting 
Information.) 
,QNHHSLQJZLWKRXUH[SHULHQFHIRU61FRPELQLQJWKH6&*9%$DQG6&*9%%GHVFULSWLRQV
RI61YLDDQRQRUWKRJRQDO&,FDOFXODWLRQWKHUHE\JHQHUDWLQJWKHVBCI(A  B) wave function
ZLWKRXWUHOD[LQJDQ\RIWKHDFWLYHVSDFHVSLQFRXSOLQJFRHIILFLHQWVUHVXOWVLQUHODWLYHO\OLWWOHHQHUJ\
LPSURYHPHQW ZLWK 6&*9%$ UHPDLQLQJ GRPLQDQW VHH 7DEOH  -XVW DV ZDV WKH FDVH IRU WKH
VBCI(a  b  C) description of S2N2, UHOD[DWLRQRIWKHYDULRXVVSLQFRXSOLQJFRHIILFLHQWVZLWKRXW
UHRSWLPL]LQJ WKHDFWLYHRUELWDOVSURGXFHGRQO\ DYHU\VPDOO HQHUJ\ ORZHULQJ/DUJHU FKDQJHV DUH
DFKLHYHG IRU GMCSC(A  B), in which all of the active orbitals and active-space spin-coupling 
coefficients are simultaneously reoptimized (VXEMHFWWRDOLPLWHGQXPEHURIVXLWDEOHFRQVWUDLQWVVRDV
WRUHWDLQVRPHGLVWLQFWLRQEHWZHHQWKH$DQG%FRPSRQHQWV). The reoptimized A component remains 
the largest contributor DQG WKHUH DUH RQO\ relatively small changes to the forms of the various 
symmetry-unique 6&*9%DFWLYHRUELWDOVVHH)LJXUH6LQWKH6XSSRUWLQJ,QIRUPDWLRQ$PRQJVW
RWKHUFKDQJHVIURPVBCI(A  B) to GMCSC(A  B), the ¢A1|A2² overlap is reduced from 0.675 to 
0.571 whereas ¢A|B² goes down from 0.951 to 0.847 (see Table S11 in the Supporting Information). 
4. SUMMARY AND CONCLUSIONS 
$VKDVEHHQVKRZQEHIRUH61DWLWVLGHDOL]HGVTXDUHJHRPHWU\FORVHWRH[SHULPHQWRIIHUVPXOWLSOH
HQHUJHWLFDOO\ FORVH ʌVSDFH µ HOHFWURQV LQ  RUELWDOV¶ &$66&) VROXWLRQV DQG WKXV DOVR YDULRXV
FRPSHWLQJ6&*9%GHVFULSWLRQV$OWKRXJKWKHDFWLYHVSDFHuBXuBJuBJuAXRUF >@
IRU VKRUW JLYHV WKH ORZHVW &$66&) HQHUJ\ IRU WKH FDOFXODWLRQV FDUULHG RXW KHUH WKH
FRUUHVSRQGLQJD >@VROXWLRQOLHVOHVVWKDQPLOOLKDUWUHHKLJKHU7KHRUGHULQJRIWKHVHWZR
VROXWLRQVZDVUHYHUVHGLQWKHFDOFXODWLRQVRI7KRUVWHLQVVRQHWDOZKRXVHGDVRPHZKDWVPDOOHUEDVLV
VHW:HILQGWKDWWKHHQHUJHWLFDOO\SUHIHUUHGVLQJOHFRQILJXUDWLRQ6&*9%ZDYHIXQFWLRQLVUHODWHGWR
DFWLYHVSDFHD7KLV6&*9%DVROXWLRQZKLFKFRUUHVSRQGVWRWKHRQHGHVFULEHGE\*HUUDWWDWDO
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DSSHDUVDWILUVWVLJKWRIWKHRUELWDOVDQGDFWLYHVSDFHWRWDOVSLQIXQFWLRQWRFRUUHVSRQGWRGRPLQDQW66
VLQJOHWGLUDGLFDOFKDUDFWHU6RPHZKDWKLJKHULQHQHUJ\LVDVLQJOHFRQILJXUDWLRQ6&*9%EVROXWLRQ
ZKLFKDSSHDUVDWILUVWVLJKWWREHGRPLQDWHGE\11VLQJOHWGLUDGLFDOFKDUDFWHU$VZDVSRLQWHGRXWE\
7KRUVWHLQVVRQHWDOWKHRFFXUUHQFHRIQHJDWLYHRYHUODSVIRUWKH66DQG11VLQJOHWGLUDGLFDORUELWDO
SDLUVZLWKQRGDOSODQHVEHWZHHQWKHWZRSDUWLFLSDWLQJFHQWHUVPHDQVWKDWWKHUHFDQEHQRTXHVWLRQ
RI DQ\ FURVVULQJ ERQGLQJ LQ HLWKHU RI WKH 6&*9%D RU 6&*9%E GHVFULSWLRQV *LYHQ WKH
RFFXUUHQFHRIWKUHHFHQWHURUELWDOVLQERWKGHVFULSWLRQVDVZHOODVGHORFDOL]DWLRQWDLOVLWLVRIFRXUVH
HDV\WREHPLVGLUHFWHGE\DQH[DPLQDWLRQRIWKHVKDSHVDQGORFDWLRQVRIVXFKDFWLYHRUELWDOV,QUHDOLW\
LQVSLWHRIIHDWXULQJDFWLYHRUELWDOVWKDWDUHYLVXDOO\VRPHZKDWGLIIHUHQWWKHVHWZR6&*9%VROXWLRQV
WXUQRXWWREHUDWKHUVLPLODUWRRQHDQRWKHUH[FHSWLQWHUPVRIWKHLUWRWDOHQHUJLHV 
7KH FRUUHVSRQGLQJ VLQJOHFRQILJXUDWLRQ 6&*9% ZDYH IXQFWLRQ IRU 61 DFWLYH VSDFH F LV
V\PPHWU\EURNHQDQGVRZHRSWLPL]HGLQVWHDGDWZRFRQILJXUDWLRQ6&*9%ZDYHIXQFWLRQZKLFK
ZHODEHO6&*9%&6SHFLILFGHWDLOVRIWKHWZRRUELWDOVWULQJVDUHVOLJKWO\GLIIHUHQWIURPVRPHRI
WKRVHHQYLVDJHGE\7KRUVWHLQVVRQHWDOIRUWKHLUµSURMHFWHG¶FVROXWLRQSURPSWLQJXVWRXVHDVOLJKWO\
GLIIHUHQW ODEHO $OWKRXJK RXU YDULDWLRQDOO\RSWLPL]HG 6&*9%& VROXWLRQ WXUQV RXW WR EH
HQHUJHWLFDOO\SUHIHUUHGRYHU6&*9%DE\PRUHWKDQPLOOLKDUWUHHLWLVVWLOOUHDVRQDEOHWRZRQGHU
ZKHWKHU&ZRXOGGRPLQDWHDYDULDWLRQDOO\RSWLPL]HGFRPELQDWLRQ$QRQRUWKRJRQDO&,ZLWKIL[HG
DFWLYHRUELWDOVDQGIL[HGVSLQFRXSOLQJFRHIILFLHQWV9%&,D  E  &SURGXFHGUDWKHUOLWWOHHQHUJ\
LPSURYHPHQWRYHU6&*9%&ZLWK&EHLQJE\IDUWKHGRPLQDQWFRPSRQHQW6XEVHTXHQWUHOD[DWLRQ
RI WKH VSLQFRXSOLQJ FRHIILFLHQWV DFKLHYHG UHODWLYHO\ OLWWOH IRU WKH HQHUJ\ ZKHUHDV VLPXOWDQHRXV
UHRSWLPL]DWLRQDOVRRIWKHDFWLYHRUELWDOVLQWKH*0&6&D  E  &GHVFULSWLRQ\LHOGHGDPRGHVW
HQHUJ\ LPSURYHPHQW RI FD  PLOOLKDUWUHH 1RQHWKHOHVV DOWKRXJK WKH UHRSWLPL]HG D DQG E
FRPSRQHQWVFROOHFWLYHO\DFFRXQWIRUQHDUO\RIWKHWRWDO*0&6&D  E  &ZDYHIXQFWLRQWKH
ODUJHVWFRQWULEXWLRQLVGXHWRWKHUHRSWLPL]HG&FRPSRQHQW 
6XEVHTXHQWFDOFXODWLRQVIRUWKHHOHFWURQʌVSDFHRIWKH'K61ULQJSURGXFHGDV\PPHWU\
EURNHQVLQJOHFRQILJXUDWLRQ6&*9%VROXWLRQXQOHVVVXLWDEOHFRQVWUDLQWVZHUHSODFHGRQWKHRUELWDOV
DVZDVGRQHIRURXU6&*9%%GHVFULSWLRQ2XURSWLPDOWZRFRQILJXUDWLRQVROXWLRQZKLFKZHODEHO
6&*9%$ WXUQV RXW WR EH HQHUJHWLFDOO\ SUHIHUUHG RYHU 6&*9%% E\ QHDUO\  PLOOLKDUWUHH
:KHUHDVWKHV\PPHWU\XQLTXH6&*9%%DFWLYHRUELWDOVDUHIRXQGWRLQFOXGHDWKUHHFHQWHU616
IXQFWLRQMXVWDVZDVWKHFDVHIRUWKHS2N26&*9%DVROXWLRQWKH6&*9%$DFWLYHRUELWDOVDUH
PRUHUHPLQLVFHQWRIWKRVHIRU WKH616&*9%&VROXWLRQH[FHSWIRUEHLQJPRUHORFDOL]HG:H
IRXQG WKDW WKH PL[LQJ RI 6&*9%$ DQG 6&*9%% JHQHUDWHV KDUGO\ DQ\ HQHUJ\ LPSURYHPHQW
XQOHVV WKH DFWLYH RUELWDOV DQG WKH VSLQFRXSOLQJ DUH VLPXOWDQHRXVO\ UHRSWLPL]HG 7KH UHVXOWLQJ
 
 
*0&6&$  %VROXWLRQVOLHVORZHUWKDQ6&*9%$E\FDPLOOLKDUWUHHZLWKWKHUHRSWLPL]HG$
FRPSRQHQWUHPDLQLQJWKHODUJHVWFRQWULEXWRU 
)RUERWKRI WKH61 DQG61 ULQJVDW WKHLU LGHDOL]HGJHRPHWULHV FORVH WRH[SHULPHQWRXU
SUHIHUUHG FRPSDFW 6&*9% GHVFULSWLRQ RI WKH ʌHOHFWURQ V\VWHP LV SURYLGHG E\ WKH YDULDWLRQDO
RSWLPL]DWLRQ RI WZR FRQILJXUDWLRQV ZKLFK WXUQ RXW WR EH V\PPHWU\ UHODWHG WR RQH DQRWKHU 7KH
RSWLPL]DWLRQ LQVWHDG RI V\PPHWU\SXUH VLQJOHFRQILJXUDWLRQ 6&*9% ZDYH IXQFWLRQV OHDGV WR WKH
LQYROYHPHQW RI WKUHHFHQWHU 616 RU 161 RUELWDOV ZKLFK QRZ VHHPV WR EH DQ XQQHFHVVDU\
FRPSOLFDWLRQ ,Q QHLWKHU ULQJ V\VWHP LV YHU\ PXFK DFKLHYHG IURP WKH PL[LQJ RI VXFK FRPSHWLQJ
VROXWLRQV 
$VLV WREHH[SHFWHGRXU%29%DQG6%29%FDOFXODWLRQV IRU61FRQILUPWKDWVWUXFWXUH
FRUUHVSRQGLQJWR11VLQJOHWGLUDGLFDOFKDUDFWHULVPRUHLPSRUWDQWWKDQVWUXFWXUHFRUUHVSRQGLQJ
WR66VLQJOHWGLUDGLFDOFKDUDFWHUEXWWKHODUJHVWFRQWULEXWLRQFDWXUQVRXWWREHGXHWRWKH
V\PPHWU\GHWHUPLQHG OLQHDUFRPELQDWLRQRI WKH IRXU V\PPHWU\HTXLYDOHQW VWUXFWXUHV3-6ZLWKQR
REYLRXVGLUDGLFDOFKDUDFWHU0XFKWKHVDPHSDWWHUQZDVFRQVLVWHQWO\IRXQGZKHQZHXVHGDVLPSOH
EXWUREXVWSURMHFWLRQRIRXUYDULRXV6&*9%ZDYHIXQFWLRQVIRU61RQWRWKHEDVLVRI%29%RU
6%29%VWUXFWXUHVSOXVDQRUWKRJRQDOFRPSOHPHQW,QSDUWLFXODULWGRHVLQGHHGQRZDSSHDUWKDW
*HUUDWW HW DO ZHUH PLVGLUHFWHG E\ DFWLYH RUELWDOV WKDW DUH QRW VXIILFLHQWO\ ORFDOL]HG ZKHQ
PLVLQWHUSUHWLQJWKHLU6&*9%DZDYHIXQFWLRQLQWHUPVRIGRPLQDQW66VLQJOHWGLUDGLFDOFKDUDFWHU 
ŶASSOCIATED CONTENT 
6XSSRUWLQJ,QIRUPDWLRQ 
7KH6XSSRUWLQJ ,QIRUPDWLRQ LV DYDLODEOH IUHHRI FKDUJHRQ WKH$&63XEOLFDWLRQVZHEVLWH DW'2,
DFVMSFD[[[ 
Various additional numerical results (including energies, overlaps and weights) and orbital 
depictions for S2N2 and S4N42+. 
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)LJXUH 6WUXFWXUHVXVHGLQWKH%29%FDOFXODWLRQVIRU61 
 
)LJXUH *HRPHWULHVDQGRULHQWDWLRQXVHGIRU61DQG61 
 
 
 
)LJXUH 6\PPHWU\XQLTXHDFWLYHRUELWDOV ߨଵ, ߨଶ and ߨହ (left to right) IRUIUR]HQFRUH61wave 
functions: SCGVB(a) (top row); SCGVB(b) (middle row); SCGVB(C) (bottom row) 
 
 
 
)LJXUH 6\PPHWU\XQLTXH DFWLYH RUELWDOV ߨଵ , ߨଶ  and ߨଽ  (left to right) IRU IUR]HQFRUH S4N42+
wave functions: SCGVB(A) (top row); SCGVB(B) (bottom row) 
 
 
 
7DEOH (QHUJLHV LQ KDUWUHH IURP IUR]HQFRUH VL[VWUXFWXUH %29% FDOFXODWLRQV IRU 61
µ)L[HG¶VLJQLILHVWKHXVHRIDFWLYHRUELWDOVWDNHQGLUHFWO\IURPWKHVL[VWUXFWXUH%29%
FDOFXODWLRQZKHUHDVµ5HOD[HG¶VLJQLILHVIXUWKHURSWLPL]DWLRQ 
Structures Fixed Relaxed 
1 -903.79363 -903.81387 
2 -903.65901 -903.69344 
3 -903.70564 -903.71732 
3-6 -903.88008 -903.88919 
1-6 -903.94635 -903.94635 
 
7DEOH &KLUJZLQ&RXOVRQZHLJKWVZLWKVWUXFWXUHV1 to 6WDNHQGLUHFWO\IURPWKHIUR]HQFRUH
VL[VWUXFWXUH %29% FDOFXODWLRQV IRU 61 DQG ZKHUH ; VLJQLILHV D QRUPDOL]HG
RUWKRJRQDOFRPSOHPHQW 
Wave function 1 2 3-6 X 
BOVB (1-6)    ± 
SCGVB(a)     
SCGVB(b)     
SCGVB(C)     
VBCI(a  b  C)     
GMCSC(a  b  C)     
 
 
 
7DEOH (QHUJLHV DQG &KLUJZLQ&RXOVRQ ZHLJKWV IRU FRPELQDWLRQV RI IUR]HQFRUH 6&*9%
ZDYHIXQFWLRQVIRU61 
Wave function 
Energy 
(hartree) 
Weights 
a b C 
SCGVB(a)   ± ± 
SCGVB(b)  ±  ± 
SCGVB(C)  ± ±  
VBCI(a  b  C)     
GMCSC(a  b  C)     
 
7DEOH (QHUJLHV DQG &KLUJZLQ&RXOVRQ ZHLJKWV IRU FRPELQDWLRQV RI IUR]HQFRUH 6&*9%
ZDYHIXQFWLRQVIRU61 
Wave function 
Energy 
(hartree) 
Weights 
A B 
SCGVB(A)   ± 
SCGVB(B)  ±  
VBCI(A  B)    
GMCSC(A  B)    
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7DEOH6 7HVWVRIGLIIHUHQWVHWVRI&$66&)LQDFWLYHRUELWDOVIRU61 
D 6SDFHVVSDQQHG 
 B1u B2g B3g Au  
ʌ full-valence (fv) 2 1 1 0 [2,1,1,0] 
a 3 1 2 0 [3,1,2,0] 
b 3 2 1 0 [3,2,1,0] 
c 2 1 2 1 [2,1,2,1] 
d 2 2 1 1 [2,2,1,1] 
e 3 1 1 1 [3,1,1,1] 
f 2 2 2 0 [2,2,2,0] 
max(a,b,c,d,e,f) 3 2 2 1 [3,2,2,1] 
 
E &$66&)HQHUJLHVLQKDUWUHHDQGVHOHFWHGGLIIHUHQFHVLQPLOOLKDUWUHHIRUGLIIHUHQWFKRLFHVRI
LQDFWLYHRUELWDOV(5+)  KDUWUHH 
Inactive orbitals 
Energy   
fv=[2,1,1,0] a=[3,1,2,0] b=[3,2,1,0] c=[2,1,2,1] max=[3,2,2,1] a íc b íc 
Variational -903.96018 -903.98159 -903.97320 -903.98194 -903.99550 0.35 8.73 
fv=[2,1,1,0] -903.96018 -903.98140 -903.97315 -903.98190 -903.99536 0.51 8.76 
a=[3,1,2,0] -903.95998 -903.98159 -903.97314 -903.98183 -903.99548 0.24 8.69 
b=[3,2,1,0] -903.96013 -903.98152 -903.97320 -903.98192 -903.99547 0.40 8.71 
c=[2,1,2,1] -903.96015 -903.98148 -903.97319 -903.98194 -903.99545 0.46 8.75 
max=[3,2,2,1] -903.96005 -903.98157 -903.97318 -903.98189 -903.99550 0.31 8.71 
 
F (QHUJLHVLQKDUWUHHIRUDGGLWLRQDO&$66&)GHVFULSWLRQV 
Inactive orbitals 
Energy 
d=[2,2,1,1] e=[3,1,1,1] f=[2,2,2,0] 
variational -903.97044 -903.97614 -903.97487 
max=[3,2,2,1] -903.97032 -903.97613 -903.97483 
 
6 
 
)LJXUH6 6\PPHWU\XQLTXHDFWLYHRUELWDOVLQWKHIUR]HQFRUHGMCSC(a  b  C) wave function 
for S2N22UELWDOVVKRZQLQWKHVDPHRUGHUDVLQ)LJXUH 
 
7DEOH6 2YHUODS LQWHJUDOV IRU IUR]HQFRUH VL[VWUXFWXUH %29% ZDYH IXQFWLRQV IRU 61
ZKHUH;VLJQLILHVDQRUPDOL]HGRUWKRJRQDOFRPSOHPHQW 
      1 2 3-6 1-6 X 
 1 2 3-6  SCGVB(a) 0.689 0.575 0.906 0.973 0.230 
1 1.000 0.130 0.472  SCGVB(E) 0.703 0.568 0.899 0.973 0.230 
2 0.130 1.000 0.475  SCGVB(C) 0.686 0.577 0.909 0.975 0.224 
3-6 0.472 0.475 1.000  VBCI(a  b  C) 0.688 0.577 0.909 0.975 0.221 
     GMCSC(a  b  C) 0.688 0.564 0.912 0.974 0.288 
 
6 
 
7DEOH6 ,QYHUVHRYHUODS *DOOXS1RUEHFN ZHLJKWV ZLWK 1 to 6 WDNHQ GLUHFWO\ IURP WKH
IUR]HQFRUH VL[VWUXFWXUH %29% FDOFXODWLRQV IRU 61 DQG ZKHUH ; VLJQLILHV D
QRUPDOL]HGRUWKRJRQDOFRPSOHPHQW 
Wave function 1 2 3-6 X 
BOVB (1-6)    ± 
SCGVB(a)     
SCGVB(b)     
SCGVB(C)     
VBCI(a  b  C)     
GMCSC(a  b  C)     
 
7DEOH6 (QHUJLHVLQKDUWUHHIURPIUR]HQFRUHVL[VWUXFWXUH6%29%FDOFXODWLRQVIRU61
µ)L[HG¶ VLJQLILHV WKH XVH RI DFWLYH RUELWDOV WDNHQ GLUHFWO\ IURP WKH VL[VWUXFWXUH
6%29%FDOFXODWLRQZKHUHDVµ5HOD[HG¶VLJQLILHVIXUWKHURSWLPL]DWLRQ 
Structures Fixed Relaxed 
1   
2   
3   
3-6   
1-6   
 
7DEOH6 2YHUODS LQWHJUDOV IRU IUR]HQFRUH VL[VWUXFWXUH 6%29% ZDYH IXQFWLRQV IRU 61
ZKHUH;VLJQLILHVDQRUPDOL]HGRUWKRJRQDOFRPSOHPHQW 
      1 2 3-6 1-6 X 
 1 2 3-6  SCGVB(a) 0.685 0.575 0.905 0.972 0.235 
1 1.000 0.136 0.471  SCGVB(E) 0.701 0.566 0.895 0.970 0.241 
2 0.136 1.000 0.469  SCGVB(C) 0.683 0.577 0.910 0.975 0.223 
3-6 0.471 0.469 1.000  VBCI(a  b  C) 0.685 0.577 0.909 0.975 0.221 
     GMCSC(a  b  C) 0.689 0.563 0.914 0.977 0.212 
 
6 
 
7DEOH6 &KLUJZLQ&RXOVRQDQGLQYHUVHRYHUODSZHLJKWVZLWK1 to 6WDNHQGLUHFWO\IURPWKH
IUR]HQFRUH VL[VWUXFWXUH 6%29% FDOFXODWLRQV IRU 61 DQG ZKHUH ; VLJQLILHV D
QRUPDOL]HGRUWKRJRQDOFRPSOHPHQW 
D &KLUJZLQ&RXOVRQZHLJKWV 
Wave function 1 2 3-6 X 
S-BOVB (1-6)    ± 
SCGVB(a)     
SCGVB(b)     
SCGVB(C)     
VBCI(a  b  C)     
GMCSC(a  b  C)     
 
E ,QYHUVHRYHUODS*DOOXS1RUEHFNZHLJKWV 
Wave function 1 2 3-6 X 
S-BOVB (1-6)    ± 
SCGVB(a)     
SCGVB(b)     
SCGVB(C)     
VBCI(a  b  C)     
GMCSC(a  b  C)     
 
7DEOH6 2YHUODS LQWHJUDOV DQG *DOOXS1RUEHFN ZHLJKWV IRU FRPELQDWLRQV RI IUR]HQFRUH
6&*9%ZDYHIXQFWLRQVIRU61 
Wave function 
Overlaps  Weights 
¢a|b² ¢a|C² ¢b|C² ¢C1|C2²  a b C 
VBCI(a  b  C)         
GMCSC(a  b  C)         
 
6 
 
7DEOH6 2YHUODSVEHWZHHQYDULRXVIUR]HQFRUH6&*9%ZDYHIXQFWLRQVIRU61 
 SCGVB(a) SCGVB(b) SCGVB(C) VBCI(a  b  C) GMCSC(a  b  C) 
SCGVB(a)      
SCGVB(b)      
SCGVB(C)      
VBCI(a  b  C)      
GMCSC(a  b  C)      
 
7DEOH6 2YHUODSVEHWZHHQWKHQRUPDOL]HGRUWKRJRQDOFRPSOHPHQWVDULVLQJIURPSURMHFWLRQV
RIYDULRXVIUR]HQFRUH6&*9%ZDYHIXQFWLRQVIRU61 
D %29% 
 SCGVB(a) SCGVB(b) SCGVB(C) VBCI(a  b  C) GMCSC(a  b  C) 
SCGVB(a)      
SCGVB(b)      
SCGVB(C)      
VBCI(a  b  C)      
GMCSC(a  b  C)      
 
E 6%29% 
 SCGVB(a) SCGVB(b) SCGVB(C) VBCI(a  b  C) GMCSC(a  b  C) 
SCGVB(a)      
SCGVB(b)      
SCGVB(C)      
VBCI(a  b  C)      
GMCSC(a  b  C)      
 
6 
 
)LJXUH6 6\PPHWU\XQLTXHDFWLYHRUELWDOVLQWKHIUR]HQFRUHGMCSC(A  B) wave function for 
S4N42+2UELWDOVVKRZQLQWKHVDPHRUGHUDVLQ)LJXUH 
 
7DEOH6 &RPSRQHQW HQHUJLHV LQ KDUWUHH DQG LQWHUFRPSRQHQW RYHUODSV IRU WZR
FRQILJXUDWLRQZDYHIXQFWLRQV 
System 
Source of 
orbitals and 
spin-coupling 
coefficients 
Energy of 
single 
component 
Inter-component 
overlap 
S2N2 SCGVB(C)   
S4N42+ SCGVB(A)   
 
7DEOH6 2YHUODS LQWHJUDOV DQG *DOOXS1RUEHFN ZHLJKWV IRU FRPELQDWLRQV RI IUR]HQFRUH
6&*9%ZDYHIXQFWLRQVIRU61 
Wave function 
Overlaps  Weights 
¢A|B² ¢A1|A2² ¢A1|B²  A B 
VBCI(A  B)       
GMCSC(A  B)       
 
